METHOD AND DEVICE FOR DRIVING PLASMA DISPLAY PANEL 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method and a 
device for driving an AC type plasma display panel. 

A plasma display panel (PDP) has two features of 
high speed and high resolution that are suitable for 
television sets and computer monitors . A PDP is used for 
a large screen display device. One of tasks about a PDP 
is to reduce a pseudo contour of an animation display. 

2 . Description of the Prior Art 

For a gradation display using a PDP, a method is 
widely used that comprises the steps of replacing one 
frame with a plurality of subframes having weights of 
luminance, and setting on and off of light emission of 
each cell of a subframe. For example, cells are lighted 
only in subframes having weight 1 for gradation 1 and are 
lighted in subframes having weight 2 and in subframes 
having weight 8 for gradation 10, so that each of 
gradation levels corresponds to a combination of subframes 
to be lighted (this is called a subframe expression). 
Usually, the conversion from a frame into subframes is 
performed by using a conversion table that was made in 
advance. In the case of an interlace display, each of 
fields of a frame is made of plural subfields, and the 
lighting control is performed for each subfield. However, 
contents of the lighting control are similar to the case 
of a progressive display. 

In a display by controlling lighting for each 



subframe, there is a problem of dynamic pseudo contours 
that can occur due to discrete light emission timing in a 
frame period. The dynamic pseudo contour is a phenomenon 
that an observer recognizes light and dark patterns that 
is not the display contents. Especially, the dynamic 
pseudo contour can occur easily when an image portion 
including pixels with similar gradation levels and having 
a gentle gradient of luminance moves in the screen. For 
example, in a scene where a man walks, the head portion of 
the man may generate the dynamic pseudo contour. In a 
static picture shown in Fig. 8A, areas of Gradation 2, 
Gradation 3, Gradation 4 and Gradation 5 are observed 
correctly, while a moving picture shown in Fig. 8B is 
observed as if a dark line exists at the boundary between 
the areas of the Gradation 3 and the Gradation 4 . There 
is also a case where a moving picture is observed as if a 
light line exists depending on a movement of a line of 
sight. 

Figs. 9A-9C show a concept of a superposition method. 
The superposition method is used for reducing dynamic 
pseudo contours. In the superposition method, at least 
one group of two subframes having the same luminance 
weight is provided. Fig. 9A shows an example of providing 
Weight 4 in a structure having four subframes, in which a 
frame period is divided into four subframe periods Tsfl, 
Tsf2, Tsf3 and Tsf4t. Italic numerals in Fig. 9A show the 
weights. The cells in the display screen are classified 
into Group A and Group B as shown in Fig. 9B. A typical 
arrangement of cells is a checked pattern arrangement. In 
the gradations in which one of the two subframes having 



the same weight is lighted (i.e., the Gradation 4, the 
Gradation 5, the Gradation 6 and the Gradation 7 in the 
illustrated example), one subframe of the Weight 4 (the 
front side in the illustrated example) is lighted for 
cells of the Group A, while the other subframe is lighted 
for cells of the Group B. For example, when a display 
changes from the Gradation 3 to the Gradation 4 as shown 
in Fig. 9C, a light emission period becomes longer in 
cells of the Group B than in cells of the Group A. On the 
contrary, the light emission period becomes longer in 
cells of the Group A than in cells of the Group B when the 
display changes from the Gradation 4 to the Gradation 3 . 
In this way, the light emission period is different 
between the Group A and the Group B despite of the same 
gradient of gradation. Therefore, the dynamic pseudo 
contour has a pattern in which a light portion and a dark 
portion interchange with each other for every cell as 
shown in Fig. 10. This pattern is a fine pattern that 
cannot be recognized in a usual observation. Namely, in 
the superposition method, the luminance is equalized by 
dispersing the light and dark for gradation portions 
having a tendency to generate the dynamic pseudo contour. 
Thus , the dynamic pseudo contour becomes inconspicuous 
visually. 

However, in the conventional driving method using 
the superposition method, a check pattern noise can occur 
as shown in Fig. 11. For example, if the area of the 
uniform luminance of the Gradation 4 is spread widely in 
the display screen when performing the above-mentioned 
superposition process of the example shown in Fig. 9, 



light emission becomes a check pattern in the whole of the 
area. In a moving picture in which a wide area of the 
check pattern moves, an observer who traces the movement 
may recognize a luminance difference between the Group A 
and the Group B. Namely, if the area in which the 
luminance is equalized by the superposition process is 
wide, since the Group A and the Group B are distributed 
periodically, human eyes can observe the light and dark 
patterns even after the luminance is equalized. Thus, the 
image quality is deteriorated. 

SUMMARY OF THE INVENTION 
An object of the present invention is to reduce 
dynamic pseudo contours and to suppress generation of a 
pattern noise, so that image quality of an animation 
display can be improved. 

According to the present invention, the 
superposition method is applied to a display image only in 
a specific area that satisfies the following condition (1). 
(1) The specific area is made of pixels having a specific 
gradation and has a luminance gradient within a preset 
value range between the neighboring pixels (the specific 
gradation means a gradation where only one of plural 
subframes having the same luminance weight in the 
superposition method is lighted). 

The superposition method is not applied to a wide 
spread area having uniform luminance even if it has a 
specific gradation, and the gradation is reproduced by a 
single subframe expression. Therefore, a pattern noise is 
not generated . 



In addition, it is verified by an experiment that a 
pattern noise appears conspicuously when an observer 
traces an area having a specific gradation moving in a 
screen or another area having another gradation moving so 
as to cross the area having the specific gradation in the 
screen. Therefore, by adding another condition of being a 
portion of a moving object to the condition (1), the 
pattern noise is reduced more. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a structure of a display device 

according to a first embodiment. 

Fig. 2 shows a structure of a data conversion 

circuit . 

Fig. 3 shows a basic operation of an area decision 
portion. 

Fig. 4 shows a noise decision operation of the area 
decision portion. 

Fig. 5 shows reduction of dynamic pseudo contours 
according to the driving method of the present invention. 

Fig. 6 is a block diagram showing an area decision 
portion according to a second embodiment. 

Fig. 7 shows an operation of the area decision 
portion according to the second embodiment. 

Figs . 8A and 8B are explanatory diagrams of a 
dynamic pseudo contour. 

Figs. 9A-9C show a concept of a superposition 

method. 

Fig. 10 shows reduction of dynamic pseudo contours 
according to the conventional driving method. 
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Fig. 11 shows a deterioration of image quality in 
the conventional method. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Hereinafter, the present invention will be explained 

more in detail with reference to embodiments and drawings, 
[First Embo dimen t ] 

Fig. 1 shows a structure of a display device 
according to a first embodiment. The display device 100 
10 comprises a surface discharge type PDP 1 having a screen 
£3 of m columns and n rows, and a drive unit 60 for lighting 

tjj m x n cells selectively. The display device 100 is used 

CO 

as a wall-hung television set or a monitor of a computer 
H system. 

VJ 15 PDP 1 includes display electrodes X and Y arranged 

m in parallel for generating display discharge, and address 

electrodes A arranged so as to cross the display 

Ik 

M electrodes . The display electrodes X and Y extend in the 

C3 

^ row direction of the screen (in the horizontal direction), 

20 and the display electrode Y is used as a scan electrode 
for selecting a row upon addressing. The address 
electrode A extends in the column direction (in the 
vertical direction) and is used as a data electrode for 
selecting a column. A color arrangement of the color 
25 display has a stripe pattern in which red, green and blue 
colors are disposed alternately in the horizontal 
direction . 

The drive unit 60 includes a control circuit 61, a 
power source circuit 63, an X-driver 65, a Y-driver 67 and 
30 an A-driver 69. The control circuit 61 includes a 



controller 71, a data conversion circuit 73 and a display 
load factor detection circuit 75. The control circuit 61 
is supplied with frame data Df indicating luminance levels 
of red, green and blue colors together with synchronizing 
signals CLOCK, VSYNC and HSYNC from an external device 
such as a TV tuner or a computer. The frame data Df are 
full color data of 24 bits for one pixel of three colors. 
The data conversion circuit 73 converts the frame data Df 
into subframe data Dsf for a gradation display. A value 
of each bit of the subframe data Dsf indicates whether the 
corresponding cell of a subframe should be lighted or not, 
more precisely whether address discharge is necessary or 
not. In the case of an interlace display, each of plural 
fields of a frame is made of plural subfields, and the 
light emission control is performed for each subfield. 
However, contents of the light emission control are the 
same as in the case of a progressive display. The X- 
driver 65 controls potentials of n display electrodes X, 
and the Y- driver 67 controls potentials of n display 
electrodes Y. The A-driver 69 controls potentials of 
total m of address electrodes A in accordance with the 
subframe data Dsf from the data conversion circuit 73. 
These drivers are supplied with a control signal from the 
controller 71 and are supplied with a predetermined power 
from the power source circuit 63. The display load factor 
detection circuit 75 refers the frame data Df and 
calculates the display load factor for each frame. The 
display load factor is defined as an average value of a 
ratio Di/Dmax over all cells where Di (0 ^ Di ^ Dmax) is 
a gradation value of a cell i in a frame. The display 



load factor is used for an automatic power control (APC) 
performed by the controller 71. 

Fig. 2 shows a structure of the data conversion 
circuit. The data conversion circuit 73 includes a 
superposition conversion portion 81, a data arrangement 
conversion portion 83, a frame memory 85 and an area 
decision portion 87 that is unique to the present 
invention. 

The frame data Df are imparted simultaneously to two 
look-up table memories 811 and 812 of the superposition 
conversion portion 81 in synchronization with a pixel 
transfer clock. The look-up table memories 811 and 812 
output q bit data indicating a predetermined subframe 
expression for a gradation indicated by 8 bits per color 
(other bits are possible though image data usually have 8 
bits per color). Here, q is equal to the number of 
sub frames for one frame. The look-up table memories 811 
and 812 store the conversion tables that assign different 
subframe expressions to a specific gradation and the same 
subframe expression to the other gradation. One of the 
outputs of the look-up table memories 811 and 812 is 
selected by a selector 813. The selector 813 changes the 
selection alternately for one pixel in the horizontal 
direction and for one row in the vertical direction as a 
basic operation. By this operation, the distribution of 
cells in the checked pattern that was explained with 
reference to Fig. 10 is realized. The data of each color 
output ted by the selector 813 are converted into the 
subframe data Dsf for each subframe in the data 
arrangement conversion portion 83. The subframe data Dsf 



are temporarily stored in the frame memory 85 and then 
transferred to the A-driver 69 in accordance with the 
progress of the display. Though the superposition 
conversion portion 81 is structured using the look-up 
table memory and the selector in the above-mentioned 
example, other structure having the same operational 
function is possible. For example, subframe displays can 
be mapped by changing an address of a look-up table having 
two areas . 

The area decision portion 87 includes a line memory 
871, a gradient detection circuit 873 and a decision 
circuit 875. The line memory 871 is used for delaying the 
frame data Df and for transferring the same to the 
gradient detection circuit 873. The gradient detection 
circuit 873 calculates a luminance gradient (a gradation 
gradient quantity) between a noted pixel and the 
neighboring pixels for each pixel in synchronization with 
an input of frame data Df from the external device and the 
line memory 871. The calculated luminance gradient is 
transferred to the decision circuit 875 one after another. 
The line memory 871 can be replaced with a register or 
other memorizing elements for obtaining data of 
neighboring pixels necessary for the gradient detection. 
The decision circuit 875 decides whether the luminance 
value is the value that can generate a dynamic pseudo 
contour (the specific gradation value) or not for each 
pixel of the frame data Df inputted from the external 
device, as a first stage of process. When a subframe 
arrangement for a frame, i.e., an arrangement of a 
luminance weight is determined, a specific gradation is 



fixed. In general, a specific gradation is estimated by 
calculating a barycenter position of light emission. A 
specific gradation can also be estimated by an actual 
observation of a display. For example, in the subframe 
arrangement in which the Weight 4, the Weight 2, the 
Weight 1 and the Weight 4 are in the order as shown in Fig 
9 , a dynamic pseudo contour can occur at the boundary 
between the Gradation 3 and the Gradation 4. In this case 
the Gradation 4 is supposed as a specific gradation, for 
example. Next, as a process of the second stage, the 
decision circuit 875 decides whether the luminance 
gradient for pixel of the specific gradation is within a 
preset range or not. If the luminance gradient 
corresponds to a smooth gradation image, an area decision 
signal S87 that is outputted by the decision circuit 875 
becomes active (the high level). 

The above-mentioned selector 813 switches the 
selection only when the area decision signal S87 is the 
high level. If the area decision signal S87 is the low 
level, the selector 813 selects the output of the look-up 
table memory 811 (or 812) fixedly. 

Fig. 3 shows a basic operation of an area decision 
portion. Here, it is supposed that a dynamic pseudo 
contour may occur when a value of the input data is il or 
12. In other words, the specific gradation is supposed to 
be il or 12. The thick line in the graph shown in Fig. 3 
indicates a gradation gradient of the noted row Li in the 
frame Fi. In this example, the pixels at the horizontal 
positions hi and h2 have the specific gradation 12, and 
the pixel at the horizontal position h3 has the specific 



gradation 11. Since these pixels are contained in a 
smooth gradation image, the area decision signal S87 
becomes the high level during the period corresponding to 
the pixels . 

Fig. 4 shows a noise decision operation of the area 
decision portion. Here, the specific gradations are 
denoted by il and 12, too. The thick line in the graph 
shown in Fig. 4 indicates a gradation gradient of the 
noted row Lj in the frame F j . In this example, the pixels 
at the horizontal positions h4 , h5, h6, h7 and h8 have the 
specific gradation 12. Since the pixels at the horizontal 
positions h4 and h8 are contained in a smooth gradation 
image, the area decision signal S87 becomes the high level 
during the period corresponding to the pixels . In 
contrast, since the horizontal positions h5, h6 and h7 are 
closed to one another, the gradation gradients of these 
positions are regarded as noises or small size image 
patterns , which are eliminated from the target of the 
superposition process. In other words, the area decision 
signal S87 is the low level during the period 
corresponding to the pixels at the horizontal positions h5, 
h6 and h7 . 

^te^etccording to the function of the data 
conversion cibcjoit 73 in the display device 100, the 
superposition methcJtis^is applied to only the specific area 
of a frame that containspd^cels having a specific 
gradation (the Gradation 4 in th^illustrated example) and 
has a luminance gradient within a pr^et value range 
between neighboring pixels as shown in Fig>^5. Since the 
superposition method is not applied to the area tttat has a 
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specific gradatioh but is not a specific area, a pattern 
noise due to a mixNof plural types of subframe expressions 
does not occur widely. 

[ Second Embodiment ] 
5 In a second embodiment, the area decision circuit 

shown in Fig. 2 is modified as follows. 

Fig. 6 is a block diagram showing an area decision 
portion according to the second embodiment. The area 
decision portion 88 includes a line memory 881, a gradient 
10 detection circuit 883, a decision circuit 885, a frame 
memory 886 and a movement detection circuit 887. 
Functions of the line memory 881 and the gradient 
detection circuit 883 are the same as in the first 

M 

M embodiment . 

SI 

' 15 The area decision portion 88, which performs a 

*2 decision in accordance with the gradation and the 

RJ luminance gradient, also decides whether the noted pixel 

M 

p is contained in an image of a moving object. Even if the 

^ noted portion in the display screen has a specific 

20 gradation, a dynamic pseudo contour can be recognized 

actually by human eyes only when the portion is moving and 
the observer is tracing the portion. The movement 
detection circuit 887 compares a frame transferred 
directly from the external device with the previous frame 

25 inputted via the frame memory 886 and outputs the 
comparison result as a detection signal S887. The 
detection signal S887 becomes active (the high level) when 
the noted pixels are contained in the image of a moving 
object. The decision circuit 885 provides the selector 

30 813 with an area decision signal S88 that becomes active 



for pixels that have a specific gradation and a luminance 
gradient within a preset value range between the 
neighboring pixel and itself and are contained in the 
image of a moving object. 

Fig. 7 shows an operation of the area decision 
portion according to the second embodiment . In the 
illustrated example, the specific gradations are denoted 
by il and 12. In the frame Fk, noting the row Li, the 
pixel at the horizontal position hl2 has the specific 
gradation il, and the pixel at the horizontal position hl3 
has the specific gradation 12. These pixels are contained 
in a smooth gradation image and are contained in a moving 
portion. Therefore, the area decision signal S88 becomes 
the high level during the period corresponding to these 
pixels. On the contrary, noting the row Lj, pixels at the 
horizontal positions hll and hi 4 have the specific 
gradation 12, and the pixel at the horizontal position hl5 
has the specific gradation il. These pixels are contained 
in a smooth gradation image. However, these pixels are 
contained in a static portion. Therefore, the area 
decision signal S88 is the low level during the period 
corresponding to these pixels. 

According to the second embodiment , the 
superposition process can be controlled more effectively, 
and pattern noises can be reduced compared with the 
conventional method. It is not necessary that the 
movement detection circuit 887 detect a precise movement 
vector or a precise movement speed. It is sufficient that 
the movement detection circuit 887 can detect whether a 
pixel value has changed between f rames or not . In 
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addition, the frame memory is not required to have a data 
capacity for all screens. It can have a data capacity for 
thinned-out screens. Therefore, a simple circuit 
structure can be used. 

While the presently preferred embodiments of the 
present invention have been shown and described, it will 
be understood that the present invention is not limited 
thereto, and that various changes and modifications may be 
made by those skilled in the art without departing from 
the scope of the invention as set forth in the appended 
claims . 



